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ABSTRACT 

The purpose of this two-year study was to document 
and examine changes in four teachers' beliefs and practices while 
implementing National Council of Tea :hers of Mathematics' (NCTM) 
mathematics standards. Qualitative research methodology was used to 
develop multiple case studies, which were analyzed individually and 
across cases. Data came from interviews, observations, journals, 
attitude and belief surveys, and videotapes. The participants were 
four elementary-certified teachers in a suburb of a large urban area 
in a midwestern state who volunteered to teach 6th grade mathematics 
full "time. The teachers were supported during implementation by 
colleagues, administrators, professional development resources, and 
availability of materials. Problems reported included limited 
knowledge of: (I) NCTM's mathematics standards, (2) current 
mathematics teaching methodologies, and (3) mathematics content. 
Documented changes included an increase in student-centered 
activities, the use of manipulat ives and calculators, and good 
questioning techniques. There were also increases in student 
participation, teacher and student attitudes toward mathematics* use 
of alternative assessment, and a change in the beliefs of teachers 
about mathematics teaching and learning. ConLains 34 references. 
(Author/MKR) 
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Qualitative research methodology was used to develop multiple case studies which were 
ana 4<r J individually and across cases. Data came from interviews, observations, 
journals, attitude and belief surveys, and videotapes. The participants were four 
elementary-certified teachers who volunteered to leach 6lh grade mathematics full-time. 
The teachers were supported during implementation by colleagues, administrators, 
professional development, and availability of materials. Problems reported included 
limited knowledge of (a) NCTM's mathematics Standards, (b) current mathematics 
teaching methodologies, and (c) mathematics conieiu. Documented changes included an 
increase m (a) student-centered acin Hies, (b) the use of manipulates and calculators, 
and (c) good questioning techniques. There were also increases in student participation, 
teacher and student attitudes toward mathematics, use of alternative assessment, and a 
change in the beliefs of teachers about mathematics leaching and learning. 
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ItallttpWl SCHK Exploration of Change In Teachers' Beliefs and Practices 



During Implementation of Mathematics Standards 




A grow ing number of teachers arc implementing the National Council of 
Teachers of Mathematics' (NCTM) Curriculum and Evaluation Standards for 
School Mathematics (1989) and NCTM's Professional Standards for Teaching 
Mathematics (1991). This requires a significant shift in teachers' beliefs and 
practices about mathematics teaching and learning [Wood, Cobb, ami Yackcl, 
1991). The purpose of this tw o-year study w as to document and examine changes 
l, four teachers' beliefs and practices w hile a transition from traditional to n closer 
approximation of NCTM's Standards maihcmaiics program was being 
implemented. Qualitative research melhodologj was used todc\clop multiple 
case studies which were anah/cd indi\ idually and acioss cases. 

Data came from interviews, observations, journals, altitude and bclicl 
surveys, and videotapes. The participants were lour elemental) -certified leacheis 
who volunteered to leach toh grade maihcmaiics full-time. The teachers were 
supported during implementation b\ interactions with colleagues, administrators, 
and researchers, professional dc\c!opmcnt opportunities, professional mcciings 
and conferences, and availability of books, equipment, and materials, 

Problems reported by icachcrs included limned know ledge of (a) NCTM's 
mathematics Standards, (b) current mathematics teaching methodologies, and (c) 
maihcmaiics content, Documented changes included an increase in student- 
jcnlcrcd act Hies, an increase in the use of manipulates and calculators, and an 
increase in good questioning techniques. There were also increases in sludcnl 
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! r icachcrand student alUtudcs toward mathematics, use of allcrnalivc 
assessment and a change in the beliefs of icachcrs about mathematics leaching 
ap^t&rning. Alihough many beliefs remained constant throughout the study, 
teacher beliefs did not always match ihcir praciiccs. 

Theoretical Framework 
Research suggests that children's maihcmatical experience in school results 
in learning rules and procedures wilhoul developing essential conceptual 
understanding (Confrcy, 1985; Clements & Battisia, 1990; Heiberi & Carpenter, 
1992; Skcmp, 1976; StclTc, Cobb, & von Glascrsfcld, 1988). Low maihcmaiics 
performance of students, in nauonal and intcrnaiional studies, is usually 
associated w ith poor leaching (Ball, 1988; dos Santos, 1993). In particular, in ihc 
Unilcd Stales and Canada ihcrc is a strong call for school maihcmaiics reform and 
for developing mathematical literacy and mathematical power in all studcnis 
(National Council of Teachers of Mathematics, 1989, 1991; Naiional Research 
Council (NRC), 1989). Reform advocaics stress that students should be actively 
engaged in doing maihcmaiics; in solving rouiinc and non-routine problems; in 
exploring, lesting, and making conjcciurcs about mathematical ideas; and in being 
responsible for their own learning. Moreover, icachers themselves need 
experience in doing mathematics - in exploring, guessing, testing, arguing, und 
proving - to develop confidence wiih which to respond constructively to 
unexpected inquiries thai emerge as studcnis follow their own approach lo 
mathematical problem solving. 

If reform in learning maihcmaiics is to be successful, aitcniion musi be 
given to existing practices of maihcmaiics icachers. As the view oflcarning 
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liilftWchangcs, so musi ihc pracucc of leaching mathematics (NCTM, 1989 
a, b; NRC, 1989). Thus ii is necessary lo understand ihc process involved as 
leacficFS make changes in ihcir previous ways of leaching maihemaiics lo 
accommodate ihe transformation advocated. 

The manner in which practicing icachcrs learn and change is crucial. The 
reform requires a substantial change in what is lermcd "tradition of school 
maihemaiics" to a praciicc thai emphasizes inquiry maihcmaiics (Cobb, Wood, 
Yackel, & McNeal, in press). The few research studies lhal exisi on ihc learning 
of practicing leachcrs suggest thai change is difficult to achieve and sustain 
(Richardson, 1990). 

Although a consinictivisrs view of learning malhcmaiic has been commonly 
accepted by researchers and maihcmaiics educators alike (NCTM, 1989a; NCR, 
1989), learning maihcmaiics in school siill continues lo be dominated by ihc 
tradilional transmission view of knowledge. Because so many current icachcrs of 
school maihcmaiics arc themselves products of ihc "transmission of knowledge" 
perspective, there is a need lo effcel what Richardson (1990) lias called 
"significant and worthwhile change" in maihcmaiics '.caching praciicc. 
Facilitating meaningful change in instruction will entail helping teachers rcihink 
and learn new maihcmaiics conicnt and siances towards leaching and learning 
(Cobb & Sieffc, 1983; Cobb, Wood, & Yackel, 1990; Noddings, 1986; Putnam, 
HaHon, Prawat, Rcmillard, 1992). Any aitcmpi to improve ihc qualily of 
mathematics leaching must begin wilh an understanding of ihc conceptions held 
by icachcrs and how these arc rclaicd to their instructional practice. Failure lo 
recognize Ihc role lhal icachcrs' beliefs might play in shaping ihcir behavior is 
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III in misguided efforts to improve ihc quality of maihcmaiics 
instruction in schools (Thompson, 1984; von Glasersfeld, 1986). 

^^^anges in .school maihcmaiics can occur only if ii is also recognized ihai 
icachcrs arc key figures in the reform process. Everybody Counts (NRC, 1989b) 
calls our aucniion lo the faci thai curriculum and instruction in our schools and 
colleges arc years behind the limes; they reflect neither increased demand for 
higher thinking skills, nor grcaily expanded uses of mathematical sciences, nor 
what we know aboui the best ways for students to learn mathematics. 

Cooney (1990) provides a perspective in which success of the currcni reform 
effort is seen as contingent upon teachers' abilities to shape classroom events and 
lo create learning environments compatible with ihc present stale of knowledge of 
the learning and leaching ol' maihcmaiics. Research on teachers' beiiefs about ihc 
teaching and learning of maihcmaiics shows ihai cpisicmological shifts must 
occur for significant change to iranspirc (Wood, Cobb, and Yackcl, 1991). 
Bcnbow (1993) claims that beliefs about ihc nature of mathematics and altitudes 
towards maihcmaiics have tremendous cffecls on mathematical performance. 
Moreover, subject mailer beliefs have been shown lo be significant faclors in the 
learning of maihcmaiics (Anderson, Anderson, Marlin, and Romagnano, 1993; 
Hollingsworth, 1989). 

The next slagc for research as recommended by Cobb, Wood, and Yackcl 
( 1991) is lo research means of implementation and dclcrminc which change 
agents facilitate or debilitate teachers in transition. Through case studies, ii will 
be shown how individual teachers wilh different levels of experience arc 
implementing reform. These findings may assist olhcr researchers in determining 
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arc must important in clTccting positive change in the teaching and 



learning of mathematics. 




Purpose 



The purpose was to describe how teachers and classrooms in one 
educational setting changed as use o(" mathematics Standards w as increased as a 
central component in a sixih grade mathematics program. The following 
questions organized the study a) What motivated teachers to increase use of 
mathematics Standards in their classrooms?; b) How were teachers supported 
during implementation of student-centered mathematics instruction?; c) What 
difficulties did teachers experience dunne implementation?; and d) What changes 
occurred in teachers and classrooms as use of mathematics Standards increased? 
Results regarding teachers' difficulties and accomplishments may be useful to 
other teachers and researchers and contnbules to our understanding of the process 
of teacher change. 



The community selected for study is a suburb of a large urban environment 
in a midwestern slate This community has a smull-eity atmosphere. The middle 
school selected for study comprises Grades 6 and 7 with 845 students and 6? 
teachers. The children who attend this school include both socioeconomic 
extremes, although lhc number of low SES children arc insufficient to qualify for 
Chapter One funds for government-sponsored mathematics programs. However, 
eight percent of the students arc considered under academic hardship and 65 
students qualify for free or rc-Juccd lunch through the Disadvantaged Pupil 
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Ufjfind (DPPF), The middle school structure at Ihc sixth grade level 



includes teams of teachers assigned to approximately 125 students- 



hip Y t nis school was selected because it has been involved in a comprehensive 
restructuring program, now in its fourth year. The sixth grade teachers have spent 
the last three years focusing on developing a strong whole language literature 
program but to the exclusion of appropriate teaching procedures for promoting 
mathematics skills and reasoning. Perhaps because of this, teachers in this study 
relied too heavily on textbooks and paper and pencil tasks while ignoring hands- 
on exploration of objects that would allow pupils to better conceptualize basic 
mathematics principles. It was this sixth grade staff who requested university 
assistance in their mathematics reform effort and subsequently agreed to make 
this effort a research project. 
Process of Change 

This study was conducted over a two-year period across three distinct 
phases of time: Year One— planning year; Summcr-intcnsn c professional 
development; and Year Two-first year of implementation. Year One was spent 
developing a shared vision of what sixth grade mathematics should comprise, 
This was done by conducting a self -assessment, visiting exemplary' middle 
schools, attending professional meetings and conferences, participating in m- 
scrvicc workshops, designing a summer institute, reading current literature, and 
purchasing appropriate books, equipment, and materials. 

By January of Year One, the sixth grade teachers, along with their principal, 
decided to make mathematics a prion ty in their school. This meant that available 
funding would be targeted toward mathematics in the coming year. The teachers 
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fcblc lo order a classroom scl of new icrabooks, manipulativcs, 



instructional materials, and supplies. Towards ihc end of Year One^ ir was 



d^d&d thai grade six should have full-lime mathematics teachers— four icachcrs 
volunicercd for ihc job. They knew ihis commiimeni would require extra lime 
and cffori on their part. 

Cooperation between ihc school and university enabled participants to 
develop a wcll-nccdcd summer institute. During the same year, a newly 
developed Model Mathematics Program (1990) was being mandated for 
implementation statewide. This Model Program was based upon the NCTM 
Standards, Each school district in the slate was to interpret ihc model in a way 
that would match ihcirdistnci environment and needs. The summer liisuiutc used 
ihc model mathematics program as a basis and used studcni-ccntcrcd activities, 
inquiry-based methodologies, manipulative*, and lechnology. 

After the summer mstiiulc, a support sysicm was engendered through the 
use of graduate sludenis from the university, along wilh field work prc-scrvicc 
teachers. The graduate sludenis were paired wilh the four sixlh grade icachcrs 
who volunicercd lo teach mathcmaiics lull-lime. Their job was simply to offer 
help implementing the new curriculum and assisl in any way the icachcrs needed 
dunng Year Two. 
Data Gathering 

A cyclical process of questioning, observing, and hypothesis generating 
occurred throughout the ihrcc phases of tins sludy (Spindlcr & Spindlcr, 1987), 
There wore four major data sources (sec Tabic 1), including interviews (2 per 
teacher. 30-60 nunulcs each); observations (20 per teacher, 60-90 minutes cach~2 
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group discussions called Seminars (11 meetings 2-6 hours 



each); and surveys (2 per teacher and student). There were tw o types of interview 
qncsfons useddunng initial interviews including "grand lour" questions 



suggested by Spradlcy ( 19V 9) and more specific prompts. For example, questions 
such as "Tell me your life story as it pcr*ains to mathematics", *Tcll me about 
your mathematics program," or "How have you used mathematics in your 
classroom?" were used. These "grand tour" questions were followed by specific 
questions about teachers' challenges, support systems, and reasons for changes in 
their beliefs and practices. 



Classroom were observed to (a) provide a shared experience between the 
researcher and the teacher to be used as subsequent topics in interviews and 
project meetings and to (b) enable the development of questions for future 
interviews that were based specifically on each individual teacher's classroom 
experience. Large group discussions provided opportunities to document teacher 
perceptions wi thin the context of a group discussion (Bogdan & Biklcn, 1982; 
Gocu & LcComptc, 1984; Kirk & Miller, 1986) and provided a source of data for 
inangulauon of multiple sources. 

Topics for large group discussions were .selected by the participating 
teachers in advance of each meeting. Topics included discussions for professional 




Insert Table 1 About Here 
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Ell talltlf§U«^fflk ,n .nsuucuonl approaches, evaluation 



concerns, and reflections on 



ihc process of change, After-school mccungs assisted ihc teachers with on-site 
tpjgfw&al and immediate feedback for their concerns- Other teachers in the school 



were encouraged to attend. In addition, the middle school teachers' belief and 
attitude surveys were administered to each participating teacher in June of Year 
One and again in May of Year Tw o. . 

This study was divided into three distinct blocks of lime. The d^ lsions 
were: Year Onc-thc planning year, Summer— intensive professional development, 
and Year T\vo--thc first year of implementation. This w as done to facilitate 
analysis and secure appropriate data. These divisions were not predetermined and 
were heavily influenced by the data-gathering process and on-going analysis. 
Data collection methods were uulized as appropriate throughout the two years and 
were adjusted as data analysis informed the study. For example, the idea of 
establishing a summer institute emerged from Year One planning sessions with 
the participating teachers. 

Other adjustments resulted from on-going analysis. During Year One, 
interview que lions were determined before the study began. Other adjustments 
were made in response to specific situations. For example, one of the four 
participating teachers was unable to attend the summer institute because she gave 
birth to her first son that same summer. During the first year of implementation, 
Year Two of the project, two of the teachers were unable lo participate in the 
Seminar meetings. One of those teachers was involved in the implementation of 
an inquiry-approach, interconnections, and interdisciplinary team of si uh grade. 
Because of the lime- consuming nature of that program, our work with Linda took 
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biH&nd we watched as if from a window. The other teacher, Came, was 
so concerned about implementing all she had learned from the first year of 

i^ig, the summer institute, the professional conferences, and purchasing so 
many new materials, she fell too overwhelmed to continue attending meetings. 
However, both teachers were included in videotaping, audio interviews, and 
observations. 

Year Two was the first year of implementation. Data were gathered in many 
ways. Weekly visitations included observations, field notes, tape-recorded 
interviews, videotapes, teacher journals, and researcher journals. Data were 
gathered from teachers, students, and administrators. The student data collected 
included achievement test data from grades five and six and mathematics attitude 
and confidence questionnaires that were administered at the beginning and end of 
Year Two. Data collected from administrators included interviews and 
unsolicited comments and letters. 

There were also benchmark activities collected such as tests, grades, lessons, 
and conversations with the students. Artifacts were collected from the teachers 
and the students. These included lesson plans IVom Year One and Year Two, 
assessment strategics, and student projects also from both years. There were 
monthly meetings held after school with teachers, the mathematics coordinator, 
and university personnel. Multiple sources of data were necessary to provide for 
the richest description possible of the teachers' environments, behaviors, 
interactions, and meanings, as they related to mathematics. The sources were 
tupped into a constant-comparative process of collection, analysis, and focusing. 
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inform ihc research questions, dala-gaihcnng icchmqucs were used 
lhai would best describe ihc chanacs ihai were occurring in beliefs and practices, 
rtpqucnily, m-depth interviews were used in an aucmpi 10 discern patterns in 



ihc way teachers kilkcti ui-rcut the process of change. Observations how ever, 
remained imporiaiii oppofuinitics to document teacher and student behaviors 
within the classroom setting, to document potential discrepancies betw een 
intcnicw data and obscnaiions and to inangulaic interview and Seminar data. 
An aucmpi was made through a member check to make sure ihai data collected 
were a iruc reflection of what the teachers mcani to say. This would l unhcr serve 
as a validity check (Knk & Miller, 1986). Finally, ihcrc were peer debriefing 
sessions among the research team using reflexive journals to document anecdotal 
comments, summam c \ ignctics observed to further clarify observations, and team 
video viewing to build consensus among the researchers as 10 what changes w ere 
occurring. 

Teaching and Learning Environments 

The initial condition of ihc sixili grade mathematics program was 
undeniably the traditional, iransmission-of-knowlcdgc type program. This may 
indeed ha\ c been a consequence of their focus on their restructuring program in 
other disciplines. Each of the fourteen sixth grade teachers laught maihcmaucs to 
their nun homeroom class, because none of them warned to teach maihcmaucs as 
a specially. The fourteen teachers were divided inio lour teams. Three teams had 
four teachers each, the last had two. Each learn was pcrmnicd 10 develop their 
.\\ n class schedule lor the \car. The individual learns did noi need to have 
iimilui schedules among ihc teams, All teachers chose 10 teach their maihcmaucs 
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UK IWiltlflililtersi penod of each day. One .cam allowed only th.ny.ci S h t m.nu.cs 
lor maihcmaucs in ihcir enure dav, 

^nc mclhodoloav ol the leachcrs observed was iradilional teaching ol 



maihcmaucs. Each classroom was arranged wuh desks or lablcs in rows, A 
typical day included reviewing homework from the previous lesson follow ed by a 
icn-minulc inlroduciion lo ihc new lesson which w as usually leaching another 
procedure, then students were assigned to work practicing that procedure from 
problems arranged on a worksheet or from textbook pages. The textbooks ihcy 
used w ere seven years old, and most of the pages were of problems for practicing 
skills. The homework assignment was 10 finish ihc exercise from ihc icxtbook or 
additional problems from ihc worksheet. 

Students were not allowed lo talk or work together, The atmosphere in each 
maihcmaucs class varied from room to room. In some classes, there w as a 
relaxed atmosphere where studcnis fell ihcy could ask their teacher for help on 
ihcir problems. In two of ihc classes obscn cd, ihcrc appeared lo be a rouunc 
strongly grounded in regimen. Students were made 10 follow siru.1 procedures lor 
how ihcy behaved and moved around the classroom. Ii was noted thai u hcnc\cr 
students completed a worksheet they would hand in thai worksheet, sign a lorm. 
move directly to anoihcr area of the classroom, and pick up another worksheet. 
After class, the teacher informed mc that there were 130 such worksheets. The 
students had Ihc year to complete ihcm. He noicd a bulletin board that publiclj 
displayed the progress each sludcnl w as making on these extra worksheets. The 
teacher was proud of his disciplined class. 



15 



o 

ERIC 





^ \\ ))lrvr^ r-^. Mathematics Teacher Change 

13 

This research projcci was partially funded through the Dwight D. 



:>wer Mathematics and Science Program sponsored by the Ohio Board ol 




Regents. Sludy participants consisted of researchers, respondents, and 
informants. The researchers used the traditional collaborative approach to this 
ethnography as an atlcmpi 10 gain more sources of data (Becker ct al, 1961; 
Bogdan & Biklcn, 1982; Goctz & LcComptc, 1984; Kirk & Miller, 1986). 
Members of the research team varied in the degree to which ihcy were idcniificd 
with the interests of specific participants and informants in the school. The intent 
was to ensure that interests of all parties were addressed and that the account 
incorporated perspectives of diverse groups (Hochschild, 1989; Oakley 1984; 
Rollins, 1985). 

The research learn consisted of a project director, two research associates, 
uik! four research ass i sum is. The role ol* the project director was lo conducl 
planning sessions, Seminar meetings, and debnefing sessions; design and conducl 
Ihc summer insiuuic; and organuc inscmcc woikshops. The role of ihc research 
associates w as lo conducl weekly observations, take field noics, make weekly 
journal entries* present activities m assigned classrooms and at monthly 
w urkshops, and lo puriicipulc in regular debriefing sessions. The research 
assistants conducted audio interviews, obscrvaiions, and videotaped lessons by 
participating teachers. 
D(\U\ Analysis 

Although the research questions provided a focus for ihc sludy, specific 
categories used in analysis were noi predetermined. Categories emerged through 
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fof ongoing analysis (Bogdan & Biklen, 1982; Goetz & LcComptc, 
1984) and likewise shaped the design of the study. As transcriptions of interviews 

s^^fd notes were gathered, a list of potential coding categories emerged. 

) * 

Categories were also obtained from \ic\Ving the videotapes of lessons and of the 
Seminar meeting discussions. 
The Project Teachers 

To secure confidentiality, the four sixth grade icachcr participants (referred 
to as Project teachers) have been given pseudonyms. They varied in ycais or 
experience and specialty areas, but were comparable in areas of certification and 
malhcmalics background (sec Tabic 2). Early observations ^ ring Year One) 
indicated that these lour Project teachers were very traditional mathematics 
teachers. They arranged their classroom desks in rows, reviewed homework, 
presented how to solve the new type of problem for the day, then assigned 
scatwork w hich was to be done independently. The textbooks ihcy used wc c old 
and worn. There was no visible use of manipulativcs or technology. Nor was 
there any indication of group work, studcni-ccnicrcd activities, or mathematical 
project assignments. 



Insert Tabic 2 About Here 



Constraints of length prohibit a lull description of the four teachers in this 
study. Instead, a brief description is offered of each icachcr based on an analysis 
of the micrvicw data. 
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Linda was ihc type of person who never hesitated to learn new 
things; performed well mathematically; exuded enthusiasm towards mathematics; 
Vcd children. When Linda started leaching mathematics, she was placed 




with a group of learning disabled children, and quickly learned how to work with 
students in small groups and use mathematical models. She saw how disabled 
students could learn mathematics be seeing it, and tried to implement these new 
ideas in regular classes, but struggled with large numbers of students. Upon 
committing herself to i xoming a full-time mathematics teacher, Linda became 
excited about learning how to teach mathematics for understanding and signed up 
('or every workshop or inscrvicc program offered. About her recent mathematics 
teaching experience, Linda explained, 

Historically , all teachers were centered around one subject except math - 
math is ihc extra and so wc all did ii and I think ii was done very 
haphazardly. Most people, including myself to a degree, jusl follow cd the 
book step by step. Whatever you gol ihrough you did. All sixth grade 
teams were grouped for math, so then you had those who really succeeded 
and did well, those who didn't do as well. For so long we've spent the first 
half of the year going back ihrough adding and subtracting and multiplying 
and dividing. And it's ihc same old thing and they (the studcnls) all haled to 
go to math. 

Linda's team was lo enter their first year of implementing a studcni-ccnicrcd, 
student-driven curriculum program and she was concerned about how 
mathematics could be connected lo other disciplines. She also wondered how she 
could tic in all thai she had learned during the summer institute. 
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Carried grcatc&l love way social studies. She chose lo leach 



mathematics because she haled English and science and knew that social studies 



44: 




wouftfnoi be a full-load assignment this year. She had very limited self- 
confidence in mathematics. About her mathematics teaching, Came says, 

But it's amazing when you have the answers in the book how il's real easy to 
teach math. And at that lime it was still... here's how you do it, practice, 
here's a worksheet, practice - kill and drill, kill and drill, kill and drill. This 
is the formula, this is the way you do it, okay? Here's a test, and now we'll 
go on. You know, over and over and over again. Math is the only class I've 
always been frustrated in that not every single kid gets it because il, of all 
the other classes, ihal is a building block class throughout their entire school 
career. They have to gel certain things to go on and be successful the next 
year. Social studies an J science stuff, if they didn't learn something there, 
that's not a big problem* You know? But with math it is. And so that 
responsibility weighs very heavy on me. I'm very frustrated with it 
sometimes and very overwhelmed that they're just not getting all of u. 
Carrie was very worried about not being organised enough to begin the first year 
of implementation. She felt as though she was so confused at times that she did 
nqlknow what questions to ask nor what assistance lo request. Carrie said thai to 
teach malhcmaucs she needed a road map. She was most comfortable leaching 
from a textbook or an explicit curriculum guide. 

Sherry . Sherry was happy lo try anything that would help her students 
learn mathematics belter. She too was a social studies teacher, but did not like the 
way she taught mathematics. Referring to her early school years, Sherry said, "1 
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TCilmu I just couldn't do math," Alter observ ing her class during Year 1, 
^ Sherry excitedly reported how she was able to conduct such a pleasant 

n^^naiics class. She said: 

I want you to know that I started the year off differently this year, You want 
to know what 1 did? Well, I walked into class, got them (ihc students) quiet 
and said, "I know you all hate math, but 1 want you 10 know ihai 1 hate it too. 
And lliai's OK. Somehow wc will work together and somehow get through 
this year togcihcr." You know, 1 think it worked. It seemed to put them at 
case and now wc can just get on with it and not led so pressured. 
In the classroom, 1 was a very traditional math teacher in terms of 
demonstrating and having the kids do some sample problems and then do the 
drill afterwards. Urn - wc did the basic story problems, bui not a w hole lot 
of extension. In terms of working with hands-on things wc probably worked 
with rulers and did some measuring. 
Sherry was thrilled with the prospect of learning how to teach mathematics for 
understanding. She was uncomfortable with the way she taught mathematics and 
was relieved to find that help was on its way, 

Sally* Sally always loved mathematics. For the past two years, she taught 
two groups of the higher-achieving students Tor mathematics. Her classes were 
completely self-paced where the students worked on individual packets while she 
spent most of her time sitting ai her desk tutoring individual students, When she 
did go to the board, she reported feeling as though she only had about 1G'£ of the 
students' attention. Sally noted that when she did the individual tutoring she knew 
she had 100'*. of that student's attention and thought lhat was good. 
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;<Iftc I started off teaching dcvclopmcnlally handicapped and w ith kids 
like that - ihcy were fourth and filth graders, you had to use concrete 
^ ^^xamplcs. And then went into sixth grade and teach more self-contained - 

taught a lot of different subjects. Math was always kind of my favorite 
because - 1 don't know - there just wasn'i a lot of memory work. It was 
almost [ike you learn it and you practice it in different ways and it was kind 
of something ihat sticks with you -- not some history date. 
Because Sally enjoyed mathematics, she was interested in becoming a part of the 
study, but was very skeptical as lo whether what was being proposed would be 
any belter than what she was already doing, Sally considered manipulate cs as 
toys and activities that used manipulates were games and not real mathematics. 

Results 

The results of the cross -case analysis will be organized by: (a) types of 
support during implementation; (b) difficulties encountered during 
implementation; and (c) changes in the beliefs and practices of the Project 
teachers. 

Types of Support During Implementation 
Interaction with Administrators. 

Moral and monetary support from the school administrators were important 
lo the success of this project. After interacting with the teachers and observing 
their commuted attitude towards the development of a rich new mathematics 
program, the group decided to make mathematics a lop prioniy lor resources for 
the coming school year— the first year of implemcntaiion, Linda, Sherry, and 
Sally were all pleased with the generous supporl provided by ihe administration. 



21 

ERIC 




Mathematics Teacher Change 



assistance. That meant thai she was not gelling the type of support she felt, she 



in her classroom, bul would not expound on what it was she felt she was 



Professional Development Opportunities: 

The culmination of ihc Year of Planning was a summer inslilutc designed by 
and for ihc Project teachers with the assistance of univcrsily faculty. This 
institute would serve as a simulation of what ihcy defined sixth grade 
mathcmaiics to be. [n this case, U was decided thai the curriculum would be one 
based upon the naliona! Standards, the methodology would become sludcnt- 
ccntcrcd and inquiry- based, and thai manipulates and calculators would be used 
whenever appropriate. The Project teachers would bo ihc sludcnls and ihcy would 
worklhrough all ihc activities, identify the applicable learning theory, ihcn reflect 
upon ihcm from both sludeni and teacher perspectives, This would later prove lo 
be an important professional development slralcgy because ihc sludcnl-ecnlcrcd 
activities thai actually were taught in the classrooms were exactly those with 
which ihc teachers interacted. 

Opportunities to talk with teachers outside of their school building provided 
teachers with ideas for improving implementation and with confirmation of their 
emerging program. At a regional mathcmaiics conference held in September of 
Year Two and allcndcd by all Projccl teachers, a frcqucnl comment was that there 
was insufficient lime lo attend all of the sessions in w Inch ihcy were interested as 
well as how exciting it was lo meet so many olhcr educators who were doing the 
same types of things. Carrie said being there made her feel a little more al case 




missing. 
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^SOdQwQftdwSOfilG&ouncI lhat the messages she was receiving from ihc sessions she 
attended were similar 10 the direction she was laking m her classroom. She 
0^incd, "We're doing ii nght! Now, I know we're in ihc nghi direction. 
Everybody says so! w 

While ihc icachers agreed lhat conferences were very important 10 their 
professional growth, it was ihc summer insiiiuic that seemed to be the place where 
ihc mosi learning was internalized. Linda explained lhat, 

I've become a stronger maih teacher through vhis extra course work ihai 
we've done. I'm more excited about math and ihc need to icach ii from our 
experiences. ..from the summer class lhat wc did... as u relates to studcnis - 
ihc activities thai wc did and actually experienced are ihc ones thai I think 
mosi of us arc doing in the classroom - cause I know what ii was like and 
can do thai. 
Carrie said, 

Because then you really get in ihcre every day all day and you arc really 
working with manipulates and you arc really, ...in there, doing ii and not 
j us i scat ic red. 

Interactions with Colleagues. 

The importance of interacting with colleagues at their school was 
consistently recognized by the Projcci teachers. The teachers gathered specific 
ideas for mathematics lessons by talking with oihcr teachers, by observing 
displays of children's work, and by visiting oihcr teachers' classrooms. Sally, for 
example, found ihrough her conversations with other mathematics icachers, thai 
the siudcnts in the oihcr classes had more opportunities for learning because they 
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in group sellings. She was also more easily swayed 10 use 
calculators after she saw a colleague achieve success wilh ihem. 

he Projcci leachcrs agreed thai lnicraclions wilh colleagues supported ihcir 



professional growih. Sally, for example, discussed how Seminar discussions 
helped her learn more about ihc acuvilics in oihcr classrooms in oihcr schools. 
Similarly, Sherry described ihc Seminar discussions as "very supportive" and 
expressed a desire for ihc mcclings lo conlinuc on a regular basis beyond ihc 
scope of the projcci. 

Interactions with Researchers. 

As previously discussed, ihc researchers' roles were inicracuvc wilh ihc 
cnlirc siatT and particularly with ihc Project Teachers. Interviews and Seminar 
meetings were cited by Sherry as helping because 

...wilhoul ihosc kinds of programs, and withoui the support we've had from 

ihc university, I don't think any of us could be ai ihc point we arc. 
Carrie learned lhai her siudcnts were able lo learn sophisticated mathematical 
concepts through an inquiry approach. Tins was amazing 10 her since some of the 
lopics presented included ihc same concepts with which she struggled in high 
school and college. 

Not only were ihc interactions wilh researchers important, but ihc 
continuous presence of members of ihc research team seemed 10 ensure thai 
teachers considered changing on a much more frequent basis. Several teachers 
said lhai because ihey knew thai someone would be in their classroom, that ill- 
icit compelled 10 continue to experiment and practice ihings they had learned in 
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PSficssional devclopmcni activities. Thus, ihc 'hanging around' theory 
seemed to play an important role as a catalyst Cor change. 
f^^taitiing Materials. 

Teachers in this study were also supported by various opportunities to 
purchase books, manipulalivcs, and calculators. Most of the funding came from 
building funds which were targeted for mathematics this ycar-a decision made by 
the entire school staff. Grant monies, use of public libraries, and teacher-shared 
manipulalivcs provided additional mathematics materials. Of the availability of 
funding for materials and such, Linda said, 

... if we didn't have all the materials that \vc were able to purchase this 
summer, it wouldn't be as successful as it is because that's what's making the 
program do a few things. 
Sally was particularly impressed with the faculty as a whole giving up their wants 
and needs during a school year for the good of an improved mathematics program 
in sixth grade. 

Difficulties Encountered During Implementation 

Difficulties in Instructional Planning. 
Sherry said, 

Hindering, as always, is when you're trying to put in place new things, il ! s 
inal and error. Just about everything I have done this year - the way I have 
presented it — the materials I've worked with - have been totally new. And 
so when you go through those lessons, you're immediately thinking this 
worked well and I need to do this again or this was a disaster and we have to 
come up with something else. 
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Knowledge About Content, Curriculum, and Methods 
As ihc Projcci icachcrs shifted from follow ing lessons laid oui in ihcir 
rnatics icMbooks to crcaiing siudcni-ccnicrcd acii\ Hies wuh inquiry- based 
mathemaucs strategics, some began lo doubl their knowledge aboul malhcrnalies 
and ihc new methodologies advocated by the NCTM Standards. Sherry began the 
year not only doubling her own ability to use inquiry-based mathematics but also 
concerned aboul the larger question, "Will they learn basic compulation skills if I 
don't use all the dnll and practice activities?" Sally fell that the use of sludcnl- 
ccnlcrcd activities would be more enjoyable for her sixth-grade students but 
wondered about ihc skills she should teach. She w as particularly concerned about 
ihc children in her room who were having difficulty with the basics and was 
uncertain that they would progress without the specific skill work provided by 
ihcir textbooks. 

I haven't been able lo spend a lot of lime on going ahead, I think, w nh 
problem solving, because they have - they're weak in some of the basics. 
Came added, 

-I have trouble understanding conccpls.- 

Thc teachers' lack of knowledge aboul current methodologies made 

/ 

choosing matcnals difficult for some. Activity selection was particularly difficult 
lor Carrie, who was overwhelmed by all ihc new ideas regarding content, 
curriculum, and methodologies she had learned, She was not familiar with 
studcni-ccnicrcd activities and fell awkward not being ai the front of ihc room all 
ihc lime. 
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zational Concerns. 
The Project teachers found that instructional planning for inquiry- based 
^ n^ri|Q(aucs w'iis quite different from planning for procedure -driven mathematics. 
"Sherry had used the same mathematics plans lor many years w hile using the 
mathematics textbook as the curriculum. Now it w as her responsibility to select 
the appropriate sequence of materials, 10 decide how the materials would be used, 
and to define both her role and the role of her students. Although she found some 
assistance in the teaching guides that often accompanied the new materials, the 
teaching points were usually limited, leaving her to make many decisions aboui 
the organization of each lesson. She was excited about using her ow n ideas to 
leach; however, she was also anxious lhat her plans would provide optimum 
educational cxpcncnccs for her students. 

The teachers were consistently concerned about how to use manipulates 
and technology with the new curriculum to foster enthusiasm for mathematics 
with their students but at the same time support their students' grow th in 
mathematics learning. At a Seminar session, Sherry wondered how she would 
facilitate a lesson without providing loo much information. She found it difficult 
to decide which student questions to answer, what types of responses to provide, 
and how she would assess student progress. 

Carrie demonstrated her anxiety towards not being organi/.cd by saying 
I want help, but 1 don't know what help 1 need. I don't know even what to 
ask you to do. ... I have no idea. Organ i/.c me. You know, do something... 
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^ttkSUtiu About Vn ^Mathematics Textbooks. 

Linda iaie|\ used tcxtbuoks ulall because ihcir new program included a 
sfgd||Q^nvcn curriculum, so the) used LcMbooks as an added resource raihcr 
than curriculum. Bulh Canic and Sully used then lexibooks far more extensively 
than Sherry. They each began leaching from the beginning of the lext and 
proceeded pretty much page by page. Came said she needed a road map from 
which lo teach and Sally thought Ihul she w ould miss something important if she 
did not proceed page by page. 

When the school ordered new textbooks, the}' were only able to afford a 
classroom set for each Project icachcr. Sherry explained 

Our kids do not have textbooks assigned to them. They're on the tables. 
They have been used very infrequently. They « we might look at them - wc 
might use u as a reference. Wc go lo ihc glossary occasionally. There may 
have been — a lew occasions where there was a problem solving - problem 
situation or something maybe lhat wc would go ov er together in class. Bui, 
no, ! do not use them. Well, when they were told at the beginning of the 
year that Ihcy would not be given a math book, some of them cheered. And 
again, nut ha\ ing a math book for some parents has been the biggest 
problem we've had to deal with and wc did have extras so we'll just send a 
book home with those parents. They arc telling mc they have used them. 1 
hope they have in some way. 
Difficulties in Evaluation, 

When using worksheets, textbooks, and tcsls, the leathers found it easy to 
assign grades. But when they used cooperative learning groups, for cxumplc, they 
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ii§l pfffli? how to evaluate student progress. Issues of assessment were among 
the grcaicsl of teachers' concerns. Their constant worncs included: (a) meeting 
slaic-mandaicd course of study; (b) providing forsludcnis' success on 
mandalcd competency tcsls; (c) grading siudcnl progress; and (d) identifying 
student needs to navigate instruction. 

For the Project teachers, satisfying the new state-mandated course of study 
and ensuring appropriate student achievement on mandated tests became sources 
of pressure that increased dunng implementation of the new mathematics 
program. These pressures forced several teachers to have a methodological 
relapse the weeks prior to mandalcd tcsiing where they fell ihcy had to "leach to 
ihc lest" so lhai ihcir students would have a chance ai success. These concerns 
continued uniil the results ol some of the lests came back dunng the summer after 
Year Two where all Projcci teachers agreed lhai the lest scores reflected sufficient 
gains to decrease pressures they had fell dunng the previous year. The pnncipal 
was also pleased once he saw ihc standardized lest scores, he said, Tvc never 
seen so many sixes. We arc accustomed lo 2s, 3s, and 4s around here." The 
numbers he refers lo arc the sianinc scores rcporicd on the mathematics 
achievement test result forms. 

Difficulties remained however, regarding how to conduci alternative 
assessment. Sherry was the only Projcci teacher who was ready lo handle the 
assessment issue. In fact, she served on ihc statewide commiiicc to build 
assessment tasks lo support and inform the new curnculum, Carnc and Linda 
wanicd lo move lo a new grading system which would reflect a positive attitude 
towards grading. For example, instead of grading A through E, ihcy would grade 
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student, but would ask ihc student 10 continue working on ihc project until it was 
at W|Q^ B level. Sally wondered when she would nave time to do all this 



The Project teachers each were concerned about how to grade students for 
their contributions to group activities, how much of the grade should be on 
groups, and how much grading should happen on an individual basis. They each 
voiced concerns about how easy it was to grade mathematics before the new 
program, but they were so impressed by the improved atmosphere and atliludcs of 
their students, lhal they were willing to Icarn. 
Changes in Beliefs and Practices 

From the data that emerged from the study, si\ cutcyoncs were identified 
and used to organr/.c the findings. The categories and the findings 
summarizing ih'j changes noted from Year 1 to Year 2 in the Project Teachers' 
beliefs and practices may be found in Tables 3 and 4 respectively. 




Insert Table 3 About Here 



Insert Tabic 4 About Here 
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^ges in Beliefs and Practices in Classroom Organization 
From the very beginning, Linda believed lhal a combmalion of classroom 
o^^^alion siraicgics worked bcsi lor her. She thought that siudcnls should 
experience whole class, individual, and small group instruction. Her practice 
showed lhal Linda always arranged her classroom tables for small group work and 
she ended up believing in using small group activities to the exclusion of the oiher 
types. 

The other three icachcrs began from a more traditional perspective, they all 
had their classroom desks or tables arranged in tows and columns lo begin, which 
I'll with ihcir belief in the use of whole class instruction. After ihc summer 
insutulc, where ihc icachcrs experienced small group work on a regular basis, 
ooth Sherry and Carrie began Year 2 by rearranging their classrooms to 
accommodate more small group work although they believed in maintaining some 
whole class and individual work. Sally was a lilllc hcsiianl at first to make such a 
dramatic physical change lo her classroom, probably because she missed ihc 
summer insliiulc and had not achieved the level of confidence ihc others acquired 
from practice. 

Changes in Beliefs and Practices About Mathematics 
AH Project teachers believed lhal mathematics was a subject lhal if learned 
would help you to think better. While Carrie and Sherry rcporicd no changes in 
beliefs about maihematics, Linda and Carrie had several abrupl changes in their 
thinking. Linda ihought lhal she did not have the type of mind thai was needed to 
do advanced mathematics. She thought lhal maihcmalics was one of those 
subjects thai you cither could or could not do. By the end of the second year of 
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UllflUc mathematical ideas. There were also well-grounded beliefs among 
the Projcci teachers thai models and visual aids were necessary for sludenis lo 
Ic^p^lihcmaiics. Linda said: 

? Bui ihc ncaicsi ihing this year -- shows rne slill thai ihrough guided 

discovery the kids can find oui ihose things and it doesn't have to be shown 
- here this is the way you find the area of a Irian gle and ihat son of thing, 

Carrie reported 

They have learned a loi more than any sixth grade class of mine has ever 
learned, because wc didn't review— I think wc never did this with them years 
before because wc ihought ii was loo hard for ihem - they didn't know 
enough, lo be able lo do more lhan add, subtract, divide, multiply and do 
some fraction work and geometry - early geometry. I don't think wc 
ihoughl ihcy could handle ii - that it was loo mincaic - loo beyond ihem 
and they arc proving that they can handle ll. 
Sherry said: 

...whal 1 feci best about is that with the participation of ihc students, 
discipline problems have been at a true minimum in ihc classroom. -They 
walk in ihe room asking whal do we get to do today -Because they know 
we're going to do some fun things and I think because of that the kids have 
learned more. 
Sally said: 

We're incorporating thmgs we've learned at the beginning of the year all 
year so that Ihcy aren't forgetting, where we're not just doing a uniu having a 
lest, four weeks later we've forgoticn because we're not using ii anymore. 
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ERE DOGUfflt ipfcfclAlW^ <>< Beliefs Practices Regarding Teaching Mathematics 

Linda's major changes in ihc leaching of malhcmalics sicm from following 
_ l^i^^ook step by slcp lo allowing ihc sludenis lo explore new concepts and 

new ideas through guided discover}'. She also believed lhal if she required 
sludenis lo communicaic ihcir ideas, she could learn far more aboul whai her 
siudcnls knew and were able lo do. 

Carrie's changes were important, bul nol as extensive as hoped.- During 
Year 1, Came described her leaching as, "...here's how you do n, practice. ..kill 
and drill." By ihc end of Year 2, Carrie's approach sull followed ihc lexibook, bul 
she made an effon lo include all of the extra aciiviucs lhal she used lo skip over. 
She reported also adding the use of more visuals in her leaching, bul only if she 
had learned it first. 

Sherry hardly ever uses her lexibook anymore and slated aboul her leaching: 
I think when you're working with manipulativcs I have a hundred perceni ol" 
the kids doing something. -as long as there's something there in front of 
ihcm lhal ihcy can put their hands on and try and demonstrate with and iry 
working with, I think lhal ihcy arc gelling more math than ihcy ever got 
before when they were jusi being talked to. -those have been new topics of 
maih, which have generated more isucrcsl on their part. 
Sally described her changes as follows: 

I'm never at my desk anymore. I used lo be at my desk a lilllc bil more-- 1 
taught a completely self-paced class for two years of high math kids, where 
the kids all did their own thing. Wc had packcis and ihcy worked ai their 
own pace, so [ was doing one on one instruction all the lime. That way, I 
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ffiraitcnuon.-t feel like 1 have more of the kids' attention than I used 
lo. -Sometimes it's a httlc boring tor me, so I can sec what it's like for ihcm 
when I did all the fun stuff,--Ncxt year there arc some things I'm going lo 
not spend as much time on, like addition, subtraction, multiplication, and 
division. 

Changes in Beliefs and Practices Regarding the Use ofTechnology 
Linda reported allowing her students lo use calculators for everything except 
concept development before our project, and now she has learned how concepts 
can also be taught and has added that to her teaching. About the use of calculators 
Linda stated: 

I used calculators a lot this year. Those students who don't know their 
multiplying and dividing facts by now aren't going to learn them in sixth 
grade and it's silly to make them struggle through those again right now. I 
sec my students doing higher level math this year than they wouldn't have 
been able to do without the use of the calculator. 

Carrie and Sherry both believed that calculators should not be used for doing 
homework of taking tests. Carrie originally thought that using calculators was 
cheating and still docs not allow her students to use Ihcm until they know the 
facts. Sherry used to use them on Fridays for fun activities, but now has them 
available at all limes on the student tables and allows them to be used for 
anything. 

Sally reports having changed her philosophy a little bit about calculators and 
that she never had a serious problem with calculators. In practice, she docs not 
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IMIltaiiSl^o be used for basic facts and to dale refuses lo allow ihcm lo be used 
on lests. 

linages in Beliefs and Practices Regarding Use of Time 
The beliefs of the Project teachers regarding use of lime in the classroom 
changed wholesale from reviewing homework, demonstrating new material, and 
starting the new homework, to an increased use of small group instruction, 
increased use of manipulativcs, calculators, and guided practice, and increased use 
of student explanations, These beliefs transferred into practice in that the students 
were engaged in small group exploratory activities on a far more frequent basis, 
and a decrease in the use of the textbook page by page, 

Discussion 

The results of this study begin to reveal the process of change in teachers 
and classrooms as they begin to implement the NCTM Curriculum, Evaluation, 
and Teaching Standards. The teachers in this stud)' were motivated to increase 
the use of student-centered mathematics instruction in their mathematics programs 
by a dissatisfaction with what ihey were teaching, how they were teaching, and 
their prior mathematics text and materials, and through observations of positive 
student response to the new ideas. They were supported during implementation 
by colleagues, administrators, by participating in this study, by attending inscrvicc 
opportunities, and by purchasing textbooks, manipulaiives, calculators, and 
supplementary materials. Problems reported by teachers included a limited 
knowledge of mathematics content, methods, and evaluation techniques, limited 
organizational strategics, and difficulties documenting student progress in ways 
that would inform both grading decisions and instructional planning. In four 
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Jhangcs documented included a decrease in the leaching of 
procedures and assigning drill and practice work, and an increase in the use of 
stj^lQcentcrcd activities, manipulates, and calculators. There were also 
increases in small group work, student communication of mathematical ideas, and 
the use of alternative assessment such as observations, student projects, journals, 
and portfolios. 

Summary 

The results presented herein, are limited by the fact that the focus was on a 
small number of participants who all worked at the same site, at the same grade 
level, and who volunteered to be in this study. The characteristics of the school 
setting were similarly unique: the principal at the research site was consistently 
supportive throughout the two years; the entire staff cooperated fully; and the 
teachers were presided with unusual professional development experiences. 
Moreover, all video-taped observations were pre-arranged with the teachers at 
their convenience. Consequently, the video data collected was somewhat 
controlled by the teachers' perceptions of their situations. Although multiple data 
sources were used to strengthen the credibility of the data, tnangulation was not 
always possible. The examination of the impact on classrooms and teachers was 
limited to observable changes in classroom management and teachers 1 practices. 
Future research might focus on the relationship between changes in classrooms 
and teachers and student achievement. 

In the future as well, changes might be examined in schools where there is 
less support by either the administration, parents, or members of the faculty; in 
schools of a different socio-economic status; or in different grade levels. 
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iMH&f studies might documented changes through classroom observations 
lhai extend over longer periods of time, In addition, research surrounding 
ig^pfe' pressures of evaluation, the impact of the NCTM Standards on 
curnculum and instruction, the influence ol changing teacher bchcls on 
instructional planning, and the impact of the organizational changes such as small 
group instruction, use of mantpulativcs and calculators on student attitude and 
achievement. 

The results of this study support Guskcy's (1986, 1989) argument that the 
teachers' most immediate need during implementation of a new approach is for 
information dealing specifically with classroom practice, Teachers struggled 
daily due to limited knowledge concerning mathematics, mathematics methods, 
and alternative assessment tools. Because of theses difficulties, professional 
development programs might begin with specific, practical ideas that readily may 
be used in the classroom. In-service sessions could include learnirg theory as 
well as demonstrations of how to use student-centered activities, discussions of 
how to increase the use of manipulates and calculators, sessions on organizing 
and prioritizing content to be taught, and specific suggestions about classroom 
organization, lesson planning, and evaluation. The students' enthusiasm towards 
the changes in classroom practice energized the Project teachers to overcome '.c 
difficulties the}' had in documenting student achievement. Professional 
development sessions focusing on assessment alternatives might include topics 
such as performance objectives, interviewing, project presentations, reflective 
journal writing, and portfolios. Knowledge of such assessment practices may 
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Jfiffll fillers in making grading decisions bul also may play a significant role in 
changing teachers 1 beliefs and altitudes about maihcmaiics instruction, 
^pfiic rcsulis of ihis sludy suggest that districts interested in making changes 
should attempt implementation slowly by first identifying a few interested 
teachers to pilot the innovation, supporting ihose teachers in significant ways, and 
providing for long-term commitments to change through professional 
development. Successes may then be shared to encourage the participation of 
other teachers. Support for interested teachers might include shifting monies from 
buying workbooks to buying student-centered activity books, providing financial 
support for teachers to attend professional conferences, inscnice programs, or 
adjust schedules so that interested teachers might meet during school hours to 
discuss mutual concerns. 
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